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ONBOARD SEMICONDUCTOR DEVICE 
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1. Field of the Invention 

The present invention relates to a semiconductor device as 
a main component of an onboard power inverter that controls an 
electric motor and the like. More particularly, the present 
invention is directed to a structure of a control substrate (circuit 
board) built in a semiconductor device of an onboard power apparatus 
that drives an AC power load from a DC power source, a connecting 
means or method between the control substrate and a power chip 
substrate, and a fixing means or method between the control 
substrate and an outer enclosing case. 

2. Description of the Related Art 

Figs. 10 and 11 shows a structure of a semiconductor device 
called an intelligent power module (hereinafter also referred to 
as "IPM") which is conventionally used as a driving device of an 
onboard power inverter. Fig. 10 is a top view of a power portion 
of the IPM in which a control substrate 7 is removed, and Fig. 11 
is a side sectional view of the IPM. 

In the respective drawings, a power chip substrate (circuit 
board) 5 generally made of an insulating material is attached onto 



1 



a metal plate 1 that is fixed to an outer enclosing case 2 of a 
resin mold, and a power chip 6 is mounted on the power chip substrate 
5 by solder or the like. Leads 9a and 9b both the other ends of 
which are insert-molded are electrically connected through wire 
bonding to the power chip 6 and the outer enclosing case 2. 
Incidentally, reference numeral 3 in the drawing designates an upper 
cover, and 4a and 4b designate main electrodes. 

On the other hand, through holes 20a and 20b for electrical 
connection to the power chip 6 are provided in the control substrate 
7 on which relevant electrical parts 8 such as 

driving/protecting/controlling circuits for the power chip 6 are 
mounted. Connection between the control substrate 7 and the power 
chip substrate 5 has been conducted by soldering the leads 9a and 
9b to the through holes 20a and 20b. 

In the foregoing related art, the leads 9a and 9b are soldered 
to the through holes 2 0a and 2 0b by means of manual soldering or 
a robot soldering apparatus. However, since the number of the leads 
9a and 9b is large, it takes a long period of time for the assembling 
steps, which increases the assembling costs. 

Further, when the semiconductor device was used in an onboard 
environment with a severe temperature cycle, solder cracks would 
often occur at their connection portions between the leads 9a and 
9b and the through holes 20a and 20b. 



Besides, in the foregoing structure of the related art, the 
leads 9a and 9b are soldered to the through holes 20a and 20b in 
the control substrate 7. Accordingly, in the case where the control 
substrate 7, the power chip substrate 5 or the like results in 
trouble for some reason or other, it is impossible to remove only 
this control substrate 7 . As a result, it is necessary to exchange 
the whole semiconductor device, which increases the repair cost 
and is not economical . 

pnMMAPY OF T"^ TNVRNTTON 

The present invention has been made in view of the foregoing 
problems, and therefore has an object of the invention to provide 
a high performance onboard semiconductor device having high 
reliability, low manufacturing costs , and low repair costs , in which 
improvement is made in regard to electrical connection between a 
power chip substrate and a control substrate, and in regard to a 
fixing method between the control substrate and an outer enclosing 
case. 

According to a first aspect of the invention, an onboard 
semiconductor device comprises a power chip substrate on which a 
power chip is mounted, a control substrate provided with an 
electrical part in relation to the power chip, and an outer enclosing 
case in which the power chip substrate and the control substrate 



are contained, and is characterized in that the control substrate 
and the outer enclosing case are removably fixed to each other. 

According to a second aspect of the invention, in the onboard 
semiconductor device of the first aspect of the invention, it is 
characterized in that means for fixing the control substrate to 
the outer enclosing case is a pawl projectingly provided on the 
outer enclosing case. 

According to a third aspect of the invention, in the onboard 
semiconductor device of the first aspect of the invention, it is 
characterized in that means for electrically connecting the power 
chip substrate to the control substrate includes a lead electrically 
connected to the power chip and fixed to the outer enclosing case, 
and a connector attached to the control substrate so as to be fitted 
to the lead. 

According to a fourth aspect of the invention, in the onboard 
semiconductor device of the first aspect of the invention, it is 
characterized in that means for electrically connecting the power 
chip substrate to the control substrate includes a conductive 
material member electrically connected to the power chip and fixed 
to the outer enclosing case, a conductive land provided on the 
control substrate for connection with the power chip, and an elastic 
electrical connection material intervening between the conductive 
material member and the conductive land, and the control substrate 



is fixed to the outer enclosing case in a state where the electrical 
connection material is compressed. 

According to a fifth aspect of the invention, in the onboard 
semiconductor device of the first aspect of the invention, it is 
characterized in that means for electrically connecting the power 
chip substrate to the control substrate includes a lead which is 
electrically connected to the power chip, a lower end portion of 
which is fixed to the outer enclosing case, and which is worked 
into a spring shape, and the control substrate is fixed to the outer 
enclosing case in a state where a tip side of the lead is compressed. 

According to a sixth aspect of the invention, in the onboard 
semiconductor device of the first aspect of the invention, it is 
characterized in that means for fixing the control substrate to 
the outer enclosing case is a securing member like a screw. 

ppTF.V DF.CjrPTPTTON OF THR DRAWINGS 

In the accompanying drawings: 

Fig. 1 is an assembling sectional view of an onboard 
semiconductor device according to a first embodiment of the present 
invention; 

Fig. 2 is a sectional view of the onboard semiconductor device 
according to the first embodiment of the present invention; 
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Fig. 3 is an assembling sectional view of an onboard 
semiconductor device according to a second embodiment of the present 
invention; 

Fig. 4 is a sectional view of the onboard semiconductor device 
according to the second embodiment of the present invention; 

Fig. 5 is an assembling sectional view of an onboard 
semiconductor device according to a third embodiment of the present 
invention; 

Fig. 6 is a sectional view of the onboard semiconductor device 
according to the third embodiment of the present invention; 

Fig. 7 is a perspective view of an electrical connection 
material according to the third embodiment of the present invention; 

Fig. 8 is an assembling sectional view of an onboard 
semiconductor device according to a fourth embodiment of the present 
invention; 

Fig. 9 is a sectional view of the onboard semiconductor device 
according to the fourth embodiment of the present invention; 

Fig- 10 is a top view of a power portion of a conventional 
onboard semiconductor device; and 

Fig. 11 is a sectional view of the conventional onboard 
semiconductor device. 
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Embodiment 1 

in the embodiment shown in the drawings , a control substrate 
(circuit board)? is removably fixed to an outer enclosing case 2 
with a securing member so that it can be easily removed. 

AS the securing member, a screw, a bolt, a pin and the like 
are enumerated, and the screw is used in this embodiment. 

A power chip substrate (circuit board) 5 is attached onto a 
metal plate 1 fixed to the outer enclosing case 2 of a resin mold, 
and a power chip 6 is mounted on the power chip substrate 5 . Leads 
9a and 9b each one end of which is insert-molded to the outer 
enclosing case 2, are electrically connected to the power chip 6 
through wire bonding. Incidentally, the power chip 6 may be any 
device such as an IGBT or MOSFET. 

on the other hand, electrical parts 8 in relation to the power 
chip 6, such as a driving circuit, a protecting circuit, and a 
control circuit for driving/protecting/controlling the power chip 
6, are mounted on both surfaces of the control substrate 7. 
connectors 10a and 10b are attached to the control substrate 7. 
Although the connectors 10a and 10b, the electrical parts 8 and 
the like are mounted onto the control substrate 7 through flow 
soldering, reflow soldering or the like, it is also possible to 
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mount them without a step that requires a long period of time such 
as manual soldering. 

Fitting of the connectors 10a and 10b to the leads 9a and 9b 
is carried out in such a manner that the general connectors 10a 
and 10b in which a spring-like conductor with a female connector 
shape is contained in a housing of an insulator are used, and the 
respective leads 9a and 9b are inserted into the conductor so as 
to obtain electrical connection. 

When the structure as described above is adopted, attachment 
of the control substrate 7 can be realized by merely pushing the 
control substrate 7 from above so that the leads 9a and 9b are fitted 
into the connectors 10a and 10b, and by merely fixing the control 
substrate 7 and the outer enclosing case 2 with screws 11a and lib 
as securing means. Thus, as compared with the related art, a time 
period for manufacturing step can be greatly shortened and a 
reduction in manufacturing cost becomes possible. 

Besides, in this first embodiment, as described above, since 
the connection between the power chip 6 and the control substrate 
7 is conducted without using solder. Accordingly, even in an onboard 
environment with a severe temperature cycle, there is no possibility 
that solder cracks would occur as in the related art, and the 
reliability can be improved. 

Further, when the control substrate 7 is removed, the control 
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substrate 7 has only to be drawn out by hand after the screws 11a 
and lib are removed. Thus, the control substrate 7 can be easily 
removed. With this, unified management of manufacture, inspection 
and the like can be carried out for a unit of a component, so that 
standardization of each component becomes possible. 

Still further, even in the case where the control substrate 
7 or the power chip substrate 5 develops trouble by some reason 
or others, it can be individually exchanged, so that a reduction 
in repair cost becomes possible. 

Embodiment 2 

A second embodiment relates to the second and third aspects 
of the invention recited in the Summary of the Invention section, 
and this will be described with reference to Figs. 3 and 4. In the 
embodiment shown in the drawings , a control substrate 7 and an outer 
enclosing case 2 are removably fixed to each other with pawls. Pawls 
12a and 12b shown in this embodiment are formed on side walls of 
the outer enclosing case 2 at the inner surface side so as to extend 
downward from above. When the control substrate 7 is pushed into 
the outer enclosing case 2, a part of an end face of the control 
substrate 7 butts against an outer surface of each of the pawls 
12a and 12b, and slides downward while pressing. When the part passes 
through the pawls 12a and 12b, the pawls 12a and 12b are restored. 
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so that the control substrate 7 is prevented from slipping out, 
and is attached to the outer enclosing case 2 and is fixed. 

Like this , attachment of the control substrate 7 is carried 
out in such a manner that the control substrate 7 is pushed from 
above to the lower side of the pawls 12a and 12b provided on the 
outer enclosing case 2 like projections, thereby being fixed to 
the outer enclosing case 2. Thus, an assembling operation can be 
made extremely quickly and easily, and a time period for the 
manufacturing step can be remarkably shortened, so that 
manufacturing costs can be greatly reduced. 

Besides, the control substrate 7 can be drawn out while the 
pawls 12a and 12b are pushed, so that similarly to the first 
embodiment, unified management for a unit of each component and 
a reduction in repair cost becomes possible. 



Embodiment 3 

A third embodiment relates to the second and fourth aspect 
of the invention recited in the Summary of the Invention section, 
and this will be described with reference to Figs. 5 to 7 . 

in Figs. 5 and 6, flat portions 13a and 13b of conductive 
material members which are insert-molded to an outer enclosing case 
2 , are electrically connected to a power chip 6 through wire bonding - 
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on the other hand, a control substrate 7 is provided with conductive 
lands 14a and 14b for electrical connection to the power chip 6. 

Electrical connection between the flat portions 13a and 13b 
of the conductive material members and the conductive lands 14a 
and 14b is conducted through elastic electrical connection 
materials 15a and 15b. Each of the electrical connection materials 
15a and 15b shown in this embodiment is constructed such that an 
insulator 17 of elastic material and conductors 18 form a sandwich 
structure. 

Fig. 7 is an enlarged view showing an example of the electrical 
connection materials 15a and 15b. The electrical connection 
materials 15a and 15b have the same structure as a flexibility 
connector generally used in a liquid crystal module and the like. 
Each of the conductors 18 transmitting electric signals is covered 
with the insulator 17. 

The electrical connection materials 15a and 15b before being 
assembled shown in Fig. 5 are formed in slightly longer than the 
distance, that is, the interval between the conductive lands 14a 
and 14b positioned above and the flat portions 13a and 13b of the 
conductive material members positioned below as shown in Fig. 6. 
Thus, as shown in the drawing, when the control substrate 7 is 
attached, the electrical connection materials come to have a 
compressed state at all times. 
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Since the compressed electrical connection materials 15a and 
15b naturally exert repulsive force to extend, the electrical 
connection materials 15a and 15b, the flat portions 13a and 13b 
of the conductive material members, and the conductive lands 14a 
and 14b come to have such a state that they are always pressed by 
a constant force. With this, excellent electrical connection 
between the power chip 6 and the control substrate 7 can be obtained. 

Attachment of the control substrate 7 is carried out in such 
a manner that as shown in Fig . 5 , the electrical connection materials 
15a and 15b are inserted from above along guides 16a and 16b, and 
the control substrate 7 is pushed to the lower side of the pawls 
12a and 12b, so that the control substrate is fixed to the outer 
enclosing case 2. Fixation between the control substrate 7 and the 
outer enclosing case 2 may be made by something other than the pawls. 
For example, like the foregoing embodiment, the control substrate 
may be removably fixed by using a suitable securing member. 



Embodiment 4 

A fourth embodiment relates to the second and fifth aspects 
of the invention recited in the Summary of the invention section, 
and this will be described with reference to Figs. 8 and 9 . 

in Fig. 8, spring leads 19a and 19b are electrically connected 
to a power chip 6 through wire bonding, and are formed respectively 
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in such a manner that a lead with a lower end which is insert- 
molded to an outer enclosing case 2 is raised upwardly and is worked 
into a spring shape so as to produce an elastic force. Tip portions 
of the leads, that is, the spring leads 19a and 19b are bent such 
that when a control substrate 7 is attached to the outer enclosing 
case 2, the tip portions are always in contact with conductive lands 
14a and 14b of the control substrate 7 while their tip sides are 
pressed. 

AS shown in Fig. 9, when the control substrate 7 is attached, 
the spring leads 19a and 19b come to have a compressed state. Thus, 
since the spring leads 19a and 19b come to have such a state that 
they exert repulsive force to extend, the spring leads 19a and 19b 
and the conductive lands 14a and 14b are always brought into press 
contact with each other by a constant spring pressure. Thus, 
excellent electrical connection between the power chip 6 and the 
control substrate 7 can be obtained. 

The present invention has the following effects. 
According to the first to sixth aspects of the invention, 
since the control substrate is removably structured, attachment 
of the control substrate can be conducted only if the control 
substrate is pushed in the outer enclosing case and is fixed, or 
after the control substrate is pushed in the outer enclosing case, 
it has only been removably fixed with a suitable securing member. 
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for example, a screw. Thus, a long period of time for a manufacturing 
step is not required as in the related art, but assembly of the 
semiconductor device can be extremely quickly and easily made, so 
that manufacturing costs can be greatly reduced. 

Besides, by only drawing out the control substrate or by 
removing the securing member and drawing out the control substrate, 
the control substrate can be easily removed. Thus, in the case where 
a control circuit of a power inverter or a system structure is 
changed, that is, exchanged for a unit of an objective system, the 
circuit structure of the control substrate alone has only to be 
exchanged, and the power chip substrate can be commonly used as 
it is, which is economical. 

Besides , standardization of each component at mass production 
can be achieved, and manufacture, inspection and the like can be 
made at individual assembling lines. Thus, selection of a factory 
and unified management for a unit of each component become possible, 
and a semiconductor device with high reliability can be provided. 

Besides, in the case where the control substrate or the power 
chip substrate develops trouble by some reason and others, the 
trouble can be settled by exchange of the breakdown part alone, 
so that repair costs can be reduced. 

According to the second and sixth aspect of the invention, 
for example, a moisture-resistant coating material is attached to 
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the control substrate, and the control substrate is removably fixed 
with the securing member such as a pawl or a screw. Thus, the 
invention can satisfy environment-resistant characteristics of 
moisture resistance and vibration resistance comparable to or 
superior to that of the related art. 

Hence, since removal of the control substrate is not taken 
into consideration in the conventional semiconductor device, a 
resin is sealed up to the upper surface of the control substrate 
for countermeasure against moisture resistance and vibration 
resistance. On the contrary, such sealing of a resin becomes 
unnecessary in the present invention, so that manufacturing costs 
can be greatly reduced. 

Besides, according to the third to fifth aspects of the 
invention, since it is not necessary to use solder for electrical 
connection between the power chip substrate and the control 
substrate, as compared with conventional soldering connection, a 
time period for a manufacturing step is remarkably shortened, and 
manufacturing costs can be greatly reduced. 

Besides, even under the environment with a severe temperature 
cycle, such as an onboard environment, since solder cracks do not 
occur, as compared with the related art, the reliability of the 
onboard semiconductor device, and the reliability of the onboard 
power inverter using this semiconductor device can be remarkably 
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improved . 

Incidentally, in the foregoing embodiments, although 
examples in which electrical parts are mounted on both surfaces 
of the control substrate have been shown, if there is a fear that 
the control substrate would receive the influence of switching noise 
of the power chip, the electromagnetic noise can be easily shielded 
by inserting a shielding plate made of a copper plate or the like 
between the control substrate and the power chip. 



16 



